The experiments to be described in this article provide a solution-at present only a 'laboratory' solution-of the problem of how to make tissue homografts immunologically acceptable to hosts which would normally react against them. The principle underlying the experiments may be expressed in the following terms: that mammals and birds never develop, or develop to only a limited degree, the power to react immunologically against foreign homologous tissue cells to which they have been exposed sufficiently early in foetal life. If, for example, a foetal mouse of one inbred strain (say, CBA) is inoculated in utero with a suspension of living cells from an adult mouse of another strain (say, A), then, when it grows up, the CBA mouse will be found to be partly or completely tolerant of skin grafts transplanted from any mouse belonging to the strain of the original donor.
This phenomenon is the exact inverse of 'actively acquired immunity', and we therefore propose to describe it as 'actively acquired tolerance'. The distinction between the two phenomena may be made evident in the following way. If a normal adult CBA mouse is inoculated with living cells or grafted with skin from an A-line donor, the grafted tissue is destroyed within twelve days (see below). The effect of this first presentation of foreign tissue in adult life is to confer 'immunity', that is, to increase the host's resistance to grafts which may be transplanted on some later occasion from the same donor or from some other member of the donor's strain. But if the first presentation of foreign cells takes place in foetal life, it has just the opposite effect: resistance to a graft transplanted on some later occasion, so far from being heightened, is abolished or at least reduced. Over some period of its early life, therefore, the pattern of the host's response to foreign tissue cells is turned completely upside down. In mice, it will be seen, this inversion takes place in the neighbourhood of birth, for there is a certain 'null' period thereabouts when the inoculation of foreign tissue confers neither tolerance nor heightened resistance-when, in fact, a 'test graft' transplanted in adult life to ascertain the host's degree of immunity is found to survive for the same length of time as if the host had received no treatment at all.
Earlier Work
The literature of experimental embryology is rich in evidence that embryos are fully tolerant of grafts of foreign tissues. It is less well known (though no less firmly established) that embryonic cells transplanted into embryos of different genetic constitutions may survive into adult life, although their hosts would almost certainly have rejected them if transplantation had been delayed until after birth. The transplantation of embryonic melanoblasts (1) provides the most conspicuous evidence of this phenomenonnot because melanoblasts are peculiar in their immunological properties, but simply because their genetic origins are at once betrayed by the pigmentation of the cells into which they ultimately develop. Unfortunately, experiments with embryonic melanoblasts, having been done with quite different purposes in mind, do not make it possible to decide whether survival into adult life is due to an antigenic adaptation of embryonic cells which have been obliged to complete their development in genetically foreign soil, or whether it is due to a suppression or 'paralysis' (2) of the host's immunological response.
An exactly comparable phenomenon has been described by Owen (3) , who found that the majority of dizygotic cattle twins are born with, and long retain, red blood cells of dizygotic origin: each calf contains a proportion of red cells belonging genetically to itself, mixed with red cells belonging to the zygote lineage of its twin. There is no reason to doubt that this is because the cattle twins, being synchorial, exchange blood in foetal life through the anastomoses of their placental vessels. (This is not a peculiarity of cattle, for a human twin with red cells of dizygotic origin has lately been described (4).) Inasmuch as the provenance of the red cells was revealed by their reactions with specific agglutinins, it is most unlikely that the survival of foreign erythrocyte-forming cells into adult life was made possible by any kind of antigenic adaptation. Moreover, we have found that the majority of cattle twins at birth and for long after are fully tolerant of grafts of each other's skin (5) . Being freshly transplanted, these grafts can have had no opportunity to 'adapt' themselves antigenically to foreign hosts, but they survived nevertheless.
The experiments of Cannon and Longmire (6) have a direct bearing on the phenomenon of actively acquired tolerance. About 5-10 per cent of skin grafts exchanged between pairs of newly hatched chicks of different breeds are tolerated and survive into adult life; but the percentage of successes falls rapidly as the age at which the chicks are operated increases, and reaches zero by the end of the second week. These results will be referred to later.
Experiments with Mice
A single experiment will be described in moderate detail: the recipients were mice of CBA strain, the donors of A strain. The data for transplantations between normal mice of these strains are as follows. The median survival time of A-line skin grafts transplanted to normal CBA adults (regardless of differences of sex, or of age within the interval 6 weeks-6 months) is 11.0 Ϯ 0.3 days (7). In reacting against such a graft, the host enters a state of heightened resistance; a second graft transplanted up to sixty days after the transplantation of the first survives for less than six days, and immunity is still strong, though it has weakened perceptibly, after four months. Heightened resistance may be passively transferred to a normal CBA adult by the intraperitoneal implantation of pieces of lymph node excised from a CBA adult which has been actively immunized against A-line skin (8) .
In the experiment to be described (Exp. 73), a CBA female in the 15-16th day of pregnancy by a CBA male was anaesthetized with 'Nembutal', and its body wall exposed by a median ventral incision of the skin. The skin was mobilized but not reflected, and partic-ular care was taken not to damage the mammary vessels. By manipulation of the abdomen with damped gauzes, six foetuses were brought into view through the body wall. Each was injected intra-embryonically with 0.01 ml. of a suspension of adult tissue cells through a very fine hypodermic needle passing successively through the body wall, uterine wall, and foetal membranes. (The inoculum itself, consisting of a suspension in Ringer's solution of small organized tissue clumps, isolated cells, and cell debris, had been prepared by the prolonged chopping with scissors of testis, kidney and splenic tissue from an adult male A-line mouse.) After injection of the foetuses, the skin was closed with interrupted sutures.
Five healthy and normal-looking young were born four days later; of the sixth foetus there was no trace. Eight weeks after their birth, when the lightest weighed 21 gm., each member of the litter was 'challenged' with a skin graft from an adult A-line donor. The first inspection of the grafts was carried out eleven days later, that is, at the median survival age of A-line skin grafts transplanted to normal CBA hosts. The grafts on two of the five mice were in an advanced stage of breakdown; the grafts on the other three (one male and two females) resembled autografts in every respect except their donor-specific albinism. Each of these three grafts became perfectly incorporated into its host's skin and grew a white hair pelt of normal density and stoutness. Fifty days later, one of the three mice received a second A-line graft from a new donor, and this graft also settled down without the least symptom of an immunological reaction.
The graft on one of the three animals underwent a long-drawnout 'spontaneous' involution, beginning somewhat before the 75th day after transplantation and ending with complete breakdown shortly after the 91st day. The other two mice were made the subjects of an experiment (9) designed to show that acquired tolerance is due to a failure of the host's immunological response and not to an antigenic adaptation of the grafted cells. When the two grafts were of 77 and 101 days standing, respectively, and still in immaculate condition, their hosts were inoculated intraperitoneally with chopped fragments of lymph nodes from normal CBA mice which had been actively immunized against A-line skin. The grafts began to deteriorate 2-3 days later, with signs of vascular congestion and stasis; contracture, hardening and discoloration took place progressively, and the grafts were reduced to dry scabs by the fourteenth day after the nodes had been implanted. It follows that tolerant hosts are fully capable of giving effect to a state of immunity which has been elicited by proxy, and that the tolerated grafts have not lost their ability to respond to it.
The fertility of the mice was entirely unimpaired. Both females repeatedly bore litters of normal size by their male litter mate. When they had grown up, two litters (of six and eight respectively) were challenged with grafts of A-line skin. Breakdown of all the grafts was far advanced or complete by the eleventh day after their transplantation.
The results of Exp. 73 demonstrate the great (but not necessarily indefinite) prolongation of the life of homografts made possible by a preemptive exposure of their hosts to foreign homologous cells. Beyond this, they demonstrate (a) that this prolongation of life is not due to an antigenic transformation of the grafts, nor to a competitive absorption of antibodies by, for example, cells of the foetal inoculum which had survived into adult life; and (b) that acquired tolerance is either not transferred to, or is too weak or too ephemeral to make itself evident in, the offspring.
Two of the five mice of Exp. 73 gave no evidence of increased tolerance of A-line cells. We suppose that this was because they were imperfectly injected. Only in one experiment so far has every injected foetus given rise to a tolerant adult.
The more important results obtained from the investigation of other litters may be summarized as follows. (1) The conferment of tolerance is not of an all-or-nothing character; every degree is represented, down to that which gives the test-grafts only a few days of grace beyond the median survival time of their controls. (2) The conferment of tolerance is immunologically specific. Thus a CBA mouse made tolerant of A-line tissue, or vice versa, retains the ability to react with unmodified vigour against skin from a donor belonging to a third strain, AU. (Equally clear evidence of the specificity of acquired tolerance is given in the following section.) But it has so far been our experience that the transplantation of (say) AU skin to a CBA mouse that is tolerant of A-line cells will elicit a reaction which, in addition to destroying the AU graft, causes an A-line graft already in residence to go through a severe immunological crisis. Although we have evidence of a sharing of tissue antigens between strains A and AU, this phenomenon is difficult to interpret, for the antigens common to strains A and AU are merely a sub-group of those to which the CBA host is manifestly unresponsive. It may therefore turn out that the continued well-being of a tissue homograft upon a tolerant host depends upon the quiescence of the antibodyforming system, and that if this is awakened by tissue antigens other than those of which the host is tolerant, antibodies directed against its, until then, tolerated graft may be formed as well. (3) A wide histological variety of tissue cells is capable of conferring tolerance to homografts of skin. It is by no means obligatory that skin cells, or even epithelial cells, should be among them. (4) We have inoculated ninety-six new-born mice with adult or foetal tissue cell suspensions to decide whether tolerance can be conferred by exposure to foreign cells at this relatively advanced stage of development. The majority received a single inoculation of cells as soon as possible after birth; a small subgroup of these was injected with 0.05 mgm. cortisone acetate on the same occasion and several more times during the first week of life in an attempt to delay the maturation of the antibody-forming system (6). The remainder of the new-born mice received repeated injections of foreign tissue cells in increasing quantities over the period of a month from birth. In all, only nine mice (about 10 per cent: cf. the experiments of Cannon and Longmire referred to above) showed an increase of tolerance when tested with a skin graft from the donor strain, and six of these were members of a single litter of eight which had received a single inoculation of cells, without cortisone, immediately after birth. It is of particular interest that when challenged with skin grafts in adult life the great majority of inoculated new-born mice showed neither tolerance nor enhanced resistance. New-born mice are, in general, too old for a tissue inoculum to confer tolerance, and too young for it to confer immunity; the epoch of birth represents a null period during which the net outcome of exposure to foreign cells is to leave its subjects in a state of unaltered reactivity. (5) Grafts removed from hosts which have tolerated them, and then transplanted to normal mice of the host's strain, survive 2-3 days longer than freshly transplanted homografts of normal skin. Such homografts cannot, however, be compared directly with homografts of normal skin, because a high proportion of the corium of each will probably have been replaced by cells and cellular derivatives of host origin.
Preliminary Experiments with Chickens
Donors and recipients in these experiments were of Rhode Island Red and White Leghorn breeds, respectively. Skin transplanted from two weeks old Rhode Island Red chicks to White Leghorn recipients of the same age, using Cannon and Longmire's methods (6) , is completely destroyed within ten days of grafting, to the accompaniment of an inflammatory reaction of conspicuous violence.
The embryonic chick is particularly well suited to experiments which make use of cellular inoculation, because the intravenous route is so easily accessible. Using methods demonstrated to us by Dr. C. Kaplan, whose help has been of the greatest value, we have obtained successful results by transfusing 0.2 ml. unmodified whole blood from an 11-12 day old embryonic Rhode Island Red donor into a chorio-allantoic vein of a White Leghorn embryo of the same age. Fourteen days after hatching, a test-graft of skin was transplanted to the recipient from its original donor. In seven such trials, five grafts showed prolongation of survival; of these, three succumbed within fifty days to the accompaniment of very much subdued inflammatory changes, and two still survive, with normal growth of red feathers, to the present time (125 days).
The success of these experiments has been found to depend on the strict pairing of donors with recipients. The transplantation of skin between our Rhode Island Red chicks when two weeks old showed them to be a highly heterogeneous assembly, in spite of their uniformity of breed characters. It is therefore understandable that chicks made tolerant to grafts from one Rhode Island Red donor will not, in general, accept grafts from another. This strict specificity of acquired tolerance has made it difficult to test the efficacy of grafts transplanted to the chorio-allantois, for an embryonic donor must be killed to provide tissues suitable for grafting. This difficulty has been circumvented by killing a young hatched donor, storing its skin (10) for later use in the test operation, and grafting fragments of a wide variety of its tissues upon the chorio-allantoic membrane of 10-11 day old White Leghorn recipients. Tolerance is conferred less regularly and less completely by this method than by blood transfusion: only three out of seven such experiments have yielded test grafts which survived for longer than twice their normal expectation of life, and those which have done so have given evidence of chronic low-grade inflammatory changes.
Washed blood corpuscles are as effective as whole blood in conferring tolerance; plasma is therefore a dispensable ingredient. If adult blood proves to be capable of conferring tolerance, it should be easy to decide whether red cells or white cells or both are efficacious.
Discussion
It is one of the predictions of Burnet and Fenner's (11) theory of immunity that the exposure of animals to antigens before the development of the faculty of immunological response should lead to tolerance rather than to heightened resistance. The homograft immunity system is particularly well suited to the appraisal of such a hypothesis, because the antigens are at once powerful, innocuous and persistent. For this reason, no great weight should be attached to failure of the experiments of Burnet, Stone and Edney (12) to verify it. It must be emphasized, however, that our experiments do not yet bear upon the fundamental problem of whether the production of antibodies represents an inherited derangement of protein synthesis, that is, a transformation which can persist through repeated cell divisions after the disappearance of the antigen originally responsible for it. It would be a highly significant fact if a transient exposure to antigen in foetal life could confer a permanent or very long-lasting tolerance; but in our present experiments there is no reason to doubt that at least some of the cells of the foetal inoculum survived as long as the tolerant state which they were responsible for creating. At all events, any complete theory of antibody formation must be competent to explain two sets of facts: that although embryos do not make antibodies, they respond to antigens in a manner that prejudices their ability to do so in later life; and that acquired tolerance is highly specific, for antibody-forming cells can be prevented from responding to one antigen without impairing their capacity to respond to any other.
A state of tolerance similar in principle to that which we have described may not necessarily depend upon an exposure to antigens in foetal life. Phenomena which occur in adult life and which may be cognate with tolerance induced by foetal inoculation include: (a) the highly specific 'immunological paralysis' of mice by the administration of relatively high doses of pneumococcal polysaccharide, made clear by the important experiments of Felton (2); (b) that restraint of certain drug allergies in guinea pigs which, so Chase (13) has shown, may be brought about by the oral administration of the sensitizing chemical-an observation of particular interest, in view of the affinity between transplantation immunity and sensitization reactions of just this type (14) ; and (c) the enhancement of the growth of tumour homografts by treatment of their prospective hosts with a variety of lyophilized tissue preparations, revealed by the work of Casey, Snell, Kaliss and their colleagues (15) . The relationship between these various phenomena has yet to be determined. We propose to investigate the hypothesis that exposure of the adult antibody-forming system to what may be called a 'tissue hapten' preparation-that is, to tissue ingredients which, although not themselves antigenic, contain the determinant groupings that confer specific activity upon complete antigens-may have the same kind of effect as that produced by an exposure of the immature antibody-forming system of the foetus to complete antigens.
Actively acquired tolerance may not be a wholly artificial phenomenon. We are inquiring into the possibility that it may occur naturally by the accidental incorporation of maternal cells into a foetus during normal development.
In dizygotic twin cattle of unlike sex, the confluence of foetal vessels that leads to red cell chimaerism (3) and tolerance of homografts (6) has long been known to be associated with infertility of the female. In our present experiments, tolerance has been conferred upon female mice by inoculation with male cells without affecting their fertility. The two phenomena are therefore separable, although in cattle they go together and share an anatomical prerequisite in common; but this is an inference that leaves entirely open the question of whether or not the freemartin state is due to a purely humoral influence of the male foetus upon its synchorial female twin.
The experiments described in this article will in due course be reported on in full.
Summary
(1) Mice and chickens never develop, or develop to only a limited degree, the power to react immunologically against foreign homologous tissue cells with which they have been inoculated in foetal life. Animals so treated are tolerant not only of the foreign cells of the original inoculum, but also of skin grafts freshly transplanted in adult life from the original donor or from a donor of the same antigenic constitution.
(2) Acquired tolerance is immunologically specific: mice and chickens made tolerant of homografts from one donor retain the power to react against grafts transplanted from donors of different antigenic constitutions.
(3) Acquired tolerance is due to a specific failure of the host's immunological response. The antigenic properties of a homograft are not altered by residence in a tolerant host, and the host itself retains the power to give effect to a passively acquired immunity directed against a homograft which has until then been tolerated by it.
(4) The fertility of tolerant mice is unimpaired.
VEGETATIVE HYBRIDIZATION OF ANIMALS BY JOINT BLOOD CIRCULATION DURING EMBRYONAL DEVELOPMENT

MILAN HAŠEK
The question of vegetative hybridization holds a prominent place in Michurinist genetics. The concept of a vegetative hybrid, that is, a cross obtained by nonsexual mating, is not new at all: It was used by Darwin to specify grafted plants in which the two traits were joined in an asexual way.
The study of vegetative hybridization may become the means for explaining the substance of the most hidden and intimate life process, the fundamentals of heredity and its variability, which the Weissmanist-Morganists have addressed with a nonscientific, gene-based explanation. Extensive evidence for vegetative hybridization in plants was provided by I. V. Micurin, T. D. Lysenko, and their followers. However, it has been argued that the method of vegetative hybridization cannot be used in animals, even in the historical discussion about the basic orientation of biology in 1948 by the opponents of the Michurinist direction. Zavadovskij stated in the discussion, "Hardly anybody could guess, that the Michurinist direction may be applied to animal organisms and particularly some vegetative hybridization, which is performed by Lysenko! Nobody has yet demonstrated the vegetative hybridization of species except chimeras-butterflies with multicolored wings. Give us concrete instructions and proposals, how to employ the vegetative hybridization mating method for animal species" (translated from a Russian original, 1949). However, since the time of this discussion about Michurinism, a number of authors have presented positive results on changing heredity in animals by vegetative hybridization.
For our experimental material, we used stabilized flocks of White Leghorn and Rhode Island Red chickens and Peking ducks, which we have bred under our control for three generations. Whenever possible, we used the progeny of the
